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(54) CAST ALUMINUM ALLOY HAVING EXCELLENT WEAR RESISTANCE 

(57)Abstract: 

PURPOSE: To obtain a cast Al alloy having excellent meltability, castability and machinability without 
deteriorating wear resistance by reducing the content of Si and regulating the contents of Cu, Mg, Mn, Cr, Ti, P, 
Fe, B, etc. 

CONSTITUTION: This cast Al alloy contains, by weight, 14.0-16.0% Si, 2.0-5.0% Cu, 0.1-1.0% Mg, 0.3-0.8% Mn, 
0.1-0.3% Cr, 0.05-0.20% Ti, 0.003-0.05% P, <1.5% Fe and <0.005% Ca or further contains 0.00010.01% B and/or 
0.3-3.0% Ni. The average grain size of proeutectic Si in this alloy has been regulated to 1 0—50 ^ m. This alloy is 
used for a cylinder block, a piston, compressor parts, change gear parts, etc. 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



(57) [Claim(s)] 

[Claim 1]Si: 14.0-16.0 % of the weight, Cu:2.0-5.0 % of the weight, Mg:0.1-1.0 % of the weight, Mn:0.3~0.8 % of the 
weight, Cr:0.1-0.3 % of the weight, Ti:0.05-0.20 % of the weight, R0.003 to 0.05 % of the weight, Fe : 1.5 or less % 
of the weight is contained, An aluminium alloy for casting excellent in abrasion resistance with an organization 
which the remainder had the presentation of aluminum and inevitable impurities , and a Ca content as an impurity 
was regulated to less than 0.005% of the weight, and primary phase Si with a mean particle diameter of 10-50 
micrometers distributed uniformly. 

[Claim 2]Si:. 14.0 to 16.0 % of the weight, Cu:. 2.0 to 5.0% of the weight, Mg:0. 1-1.0 % of the weight, Mn:0.3-0.8 % 
of the weight, Cr:0.1-0.3 % of the weight, Ti:0.05-0.20 % of the weight, P:0.003 to 0.05 % of the weight, Fe : 1.5 or 
less % of the weight and B:0.0001 to 0.01 % of the weight are contained, An aluminium alloy for casting excellent in 
abrasion resistance with an organization which the remainder had the presentation of aluminum and inevitable 
impurities , and a Ca content as an impurity was regulated to less than 0.005% of the weight, and primary phase Si 
with a mean particle diameter of 10-50 micrometers distributed uniformly. 

[Claim 3]Si:. 14.0 to 16.0 % of the weight, Cu:. 2.0 to 5.0 % of the weight, Mg:0.1-1.0 % of the weight, Mn:0.3-0.8 % 
of the weight, Cr:0.1-0.3 % of the weight, Ti:0.05-0.20 % of the weight, P:0.003 to 0.05 % of the weight, less than 
Fe:1.5 % of the weight, nickel : 0.3 to 3.0 % of the weight is contained. An aluminium alloy for casting excellent in 
abrasion resistance with an organization which the remainder had the presentation of aluminum and inevitable 
impurities , and a Ca content as an impurity was regulated to less than 0.005% of the weight, and primary phase Si 
with a mean particle diameter of 10-50 micrometers distributed uniformly. 

[Claim 4l Si:. 14.0 to 16.0 % of the weight, Cu:. 2.0 to 5.0 % of the weight, Mg:. 0.1 to 1.0 % of the weight. Mn:Q.3-Q.8 
% of the weight. Cr:0.1-0.3 % of the weight. Ti:0.05-0.20 % of the weight P:0.Q03 to 0.05 % of the weight, less than 
Fe:1.5 % of the weight, nickel : 0.3 to 3.0 % of the weight and B:0.0001 to 0.01 % of the weight are contained. An 
aluminium alloy for casting excellent in abrasion resistance with an organization which the remainder had the 
presentation of aluminum and inevitable impurities, and a Ca content as an impurity was regulated to less than 
0.005% of the weight, and primary phase Si with a mean particle diameter of 10-50 micrometers distributed 
uniformly. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the aluminium alloy for casting excellent in the abrasion resistance 

used as a cylinder block etc. 

[0002] 

[Description of the Prior Art]The casting aluminum alloy which attains a weight saving and is represented with 
A390 as a cylinder block for vehicles is used from the former. This aluminum alloy utilizes excelling in abrasion 
resistance, and is widely used as a practical use engine, abrasion proof parts, etc. 

[0003]The aluminum alloy of A390 system has the presentation less than [ Fe:0.5 % of the weight ], less than 
[ Mn:0.1 % of the weight ], and below Ti:0.20 % of the weight Si:1 6.0-1 8.0 % of the weight, Cu:4.0-5.0 % of the 
weight, and Mg:0.45-0.65% of the weight, In order to secure the abrasion resistance to need, a lot of Si is added. 
However, the liquidus temperature of an aluminum alloy becomes high with the increase in a Si content. 
[0004]As a result, it is necessary to dissolve and to cast in a temperature quite higher than the usual alloy, and 
the life decline of a furnace and life decline, such as an increase in fuel consumption and a die-casting die, pose a 
problem as well as a thing expensive as lining refractories being required. Distribution of primary phase Si 
becomes heterogeneous and it is easy to generate the casting defect of a HIKE nest etc. 
[0005]this A — in order to cancel the fault of an aluminum alloy 390 system, in JP.S50-64107A set up a Si 
content 13.5 to 16.0 % of the weight, and lowness, and fluidity is secured, and raising an altitude and abrasion 
resistance by addition of Cu, Mg, Zn, etc. is introduced. 
[0006] 

[Problem(s) to be Solved by the Invention]however, A — the inhomogeneous distribution of primary phase Si 
which is other faults of an aluminum alloy 390 system is still unsolved also by the alloy designing of an above- 
shown gazette. Therefore, it is treated as a material which a casting defect etc. still tend to produce. Especially 
primary phase Si distributed unevenly causes change to the character of an aluminum alloy casting between the 
portion which receives a rapid cooling effect, and the portion by which annealing is carried out, and becomes a 
cause lacking in the reliability over construction material. 

[0007]This invention is thought out that such a problem should be solved and is a thing. 
It is providing the aluminium alloy for casting which plans uniform dispersion of detailed primary phase Si, is 
excellent in abrasion resistance, and does not have a casting defect by specifying blending ratios, such as Cu, Mg, 
Mn, Cr, Ti, P, and Fe, in the alloy system which set up the purpose to 14.0 to 16.0% of the weight. 

[0008] 

[Means for Solving the Problem]In order that an aluminium alloy for casting of this invention may attain the 
purpose, Si: 14.0-16.0 % of the weight, Cu:2.0-5.0 % of the weight, Mg:0.1-1.0 % of the weight, Mn:0.3-0.8 % of the 
weight, Cn0.1-0.3 % of the weight, Ti:0.05-0.20 % of the weight, R0.003 to 0.05 % of the weight, Fe : 1.5 or less % 
of the weight is contained, It has the organization which a Ca content as an impurity was regulated to less than 
0.005% of the weight, and primary phase Si with a mean particle diameter of 10-50 micrometers distributed 
uniformly. [0009]This aluminium alloy for casting can contain one sort (further B:0.0001 to 0.01 % of the weight, 
and nickel:0.3-3.0 % of the weight), or two sorts. 
[0010] 

[work — ] for This invention persons considered in detail influence which alloy elements, such as Si, Cu, Mg, Mn, 
and Cr, have on abrasion resistance, mechanical properties, a physical property, cutting ability, fluidity, etc. As a 
result, even if it lowered a Si content to 16 or less % of the weight which is a minimum of A390 alloy, as long as 
primary phase Si was distributing minutely uniformly, it found out that wear-resistant reservation was achieved. 
[001 1]namely, — in an aluminium alloy for casting of this invention — A — since a Si content is set up 16.0 or 
less % of the weight and lowness 390 system as compared with an alloy, solubility and fluidity are improved 
substantially and operation becomes easy, and A about cutting ability, solubility, fluidity, etc. which are required of 
abrasion proof parts, such as a cylinder block, — a problem of an alloy is canceled by adjustment of content of 



alloy elements including Si, strengthening of a matrix, etc. 390 system, without being accompanied by wear- 
resistant fall. 

[001 2]Addition of Cr is effective in especially minuteness making and uniform dispersion of primary phase Si. Cr is 
an element intermingled in primary phase Si. Specific gravity of primary phase Si becomes large, and is guessed 
that surfacing of Si under casting is controlled by mixture of Cr. It combines, a detailed aluminum-Cr system 
compound crystallizes, and abrasion resistance improves also by this. Also in P content of the specified quantity, 
there is an effect in minuteness making of primary phase Si. 

[0013]Hereafter, content of each alloy element, an operation, etc. are explained. Si: It is an important element 
when raising abrasion resistance and an elastic coefficient. However, if a Si content exceeds 1 6.0 % of the weight, 
liquidus temperature of an alloy will rise, solubility, fluidity, etc. will worsen, and distribution of primary phase Si 
becomes uneven easily. On the other hand, abrasion resistance runs short in less than 14.0% of the weight of a Si 
content. Then, in this invention, a Si content was specified in 14.0 to 16.0% of the weight of a range. 
[0014]If a Si content will be 16.0 or less % of the weight, the cutting ability of an aluminum alloy will improve 
rapidly. As a result, a fall of a tool life resulting from wear is lost, and sharp reduction of cutting cost is attained. 
[0015]Cu: Present an operation which strengthens a matrix and abrasion resistance improves by this. In order to 
obtain such an operation, it is required to make 2.0% of the weight or more of Cu contain. However, if Cu content 
exceeds 5.0 % of the weight, generating of a HIKE nest will increase. 

[001 6]Mg: When raising hardness, abrasion resistance, a mechanical strength, etc., it is an effective alloy element, 
and these operations are obtained by 0.1% of the weight or more of Mg content. However, if Mg is made to contain 
exceeding 1 .0 % of the weight, a tendency to reduce toughness will be seen. 

[0017]Mn: It is an alloy element which strengthens a matrix and improves mechanical properties. If a Mn content 
will be less than 0.3% of the weight, a tendency for abrasion resistance to fall will be seen. On the other hand, in a 
Mn content exceeding 0.8 % of the weight, fluidity worsens and causes degradation of mechanical properties 
conversely. 

[001 8] Cr: When distributing primary phase Si minutely and uniformly, it is an important alloy element, and act 
effective also in improvement in hardness and mechanical properties. Cr improves a cast organization further 
conjointly with an operation of Ti which carries out minuteness making of the aluminum-Si eutectic crystal grain. 
Such an operation of Cr becomes remarkable with 0.1% of the weight or more of a Cr content. However, if a Cr 
content exceeds 0.3 % of the weight, fluidity and mechanical properties will deteriorate. A lot of Cr content also 
becomes the cause of making aluminum-Cr system crystallized material making it big and rough. 
[0019]Ti: It is effective also in presenting an operation which raises mechanical properties and making an 
organization equalize. In order to obtain these operations, it is required to make 0.05% of the weight or more of Ti 
contain. However, in a Ti content exceeding 0.20 % of the weight, deterioration of mechanical properties is caused 
conversely. 

[0020]P: Present an operation which carries out minuteness making of the primary phase Si, and distributes it 
uniformly with Cr. An operation given to this primary phase Si is secured by 0.003% of the weight or more of P 
content. However, if P content exceeds 0.05 % of the weight, fluidity, such as fluidity, will deteriorate. Then, in this 
invention, P content was set as 0.003 to 0.05% of the weight of a range. When maintaining P content in this range, 
by a viscosity decrease of a molten metal, fluidity nature becomes good and improvement in fluidity is achieved. 
[0021]Fe: It is an impurity incorporated into an aluminum alloy from a dissolved raw materia! etc. in ingot 
processes. If a lot of Fe(s) mix, an aluminum-Fe system compound, an aluminum-Fe-Mn-Si system compound, 
etc. will generate especially at a slow cooling part, a hot spot, etc., and it will become a generation cause of 
microporosity. As a result, toughness and intensity of an aluminum alloy which were obtained are reduced. In 
order to prevent this fault, in this invention, a Fe content was regulated to 1.5 or less % of the weight. 
[0022]However, when using an aluminum alloy for die casting and a hot alloy prevents being printed on a metallic 
mold inner surface, Fe is an effective alloy element. So, when using it as a die casting, it is preferred to secure 
0.1% of the weight or more of a Fe content. 

[0023]It is an impurity mixed in an aluminum alloy from raw material Si in ingot processes like Ca:Fe. If a Ca 
content increases exceeding 0.005 % of the weight, at the time of casting, internal HIKE will become large and will 
cause a fall of fluidity. A primary phase Si minuteness making operation by P is checked. Then, in this invention, a 
Ca content was specified to 0.005 or less % of the weight 

[0024]B: B added as an optional component contributes a crystal grain to carrying out minuteness making with Ti. 
This operation is seen by 0.0001 % of the weight of B content. However, since a lot of B content caused 
embrittlement of an aluminum alloy, it set up a maximum to 0.01% of the weight. 

[0025]nickel: When nickel added as an optional component improves high temperature strength and improves 
hardness and abrasion resistance, it is an effective alloy element. These operations are seen with 0.3 % of the 
weight or more of Ni contents. However, since cost of an aluminum alloy is raised, it is not preferred to make 
expensive nickel contain so much. A corrosion-resistant fall is also seen with an increase in a Ni content. Then, in 
this invention, a maximum of a Ni content is specified to 3.0% of the weight, and an operation of nickel is replaced 
or complemented with Mn. 



[0026]Particle diameter of primary-phase Si: In order to secure abrasion resistance, cutting ability, and fluidity, it 
is required to adjust mean particle diameter of primary phase Si to the range of 10-50 micrometers. When mean 
particle diameter of primary phase Si is less than 10 micrometers, an effect of primary phase Si which raises 
abrasion resistance becomes small. On the contrary, if mean particle diameter of primary phase Si exceeds 50 
micrometers, since big primary phase Si exists, a fall of a galling phenomenon, mechanical properties, cutting 
ability, etc., etc. will be seen. 

[0027]Thus, an aluminium alloy for casting of this invention by which alloy designing was carried out can be 
manufactured in a target casting by metallic mold gravity casting, low pressure casting, a sand cast, dies casting, 
liquid metal forging, etc. It is also possible to heat-treat T 5 , T g , etc. 
[0028] 

[Example]Hereafter, working example explains this invention concretely. The aluminum alloy of the ingredient and 
the presentation shown in Table 1 was ingoted, and it cast using the brake-shoe metallic mold held in 
temperature of 350 **. The obtained casting was cut with the engine lathe and the cutting ability was 
investigated. Abrasion resistance, solubility, fluidity, mechanical properties, etc. were investigated, and these were 
summarized in Table 2 and shown. 
[0029] 
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[0031]Abrasion resistance was investigated on the wear conditions used as SK-4 steel which carried out 0.238 
m /and friction distance for friction speed a second, and in which the FURIKU TR0N type frictional wear tester 
was used, and it carried out hard chromium plating of 1 60 kg and the mating material for 6000 m and friction load. 
And relative evaluation was made on 0 and a 100-300-mg thing for that whose abrasion loss is 0-100 mg, and 
was made on ** and a not less than 500-mg thing for 0 and a 300-500-mg thing as x, and it was shown in Table 
2. 

[0032]If it is in the alloy which contains Si, Cu, Mn, Cr, etc. in the range specified by this invention so that clearly 
from Table 2. it turns out that abrasion loss is all presenting the outstanding abrasion resistance of 100 mg or 
less. On the other hand, if it is in the alloy of the test numbers 11 and 13, for example, respectively, 13.0 % of the 
weight and 12.0 % of the weight, and since it is low, the crystallized amount of primary phase Si has few Si 
contents, and abrasion resistance is getting worse. 

[0033]The cutting-ability examination was done under the conditions which made cutting speed 200-m a part for 
part 400-m/for /, and 600-m the three-stage for /and to which the sintered carbide tool was used, and it made 
the three-stage of 0.05 mm / rotation, 0.1 mm / rotation, and 0.2 mm / rotation, and the amount of infeeds the 
three-stage (0.5 mm, 1.0 mm, and 2.0 mm) for the feed rate. And it investigated about the wear width, cutting 



force, and machined surface granularity of the flank of the cutting tool when cutting length amounted to 5000 m, 

and the standard hung up over Table 3 estimated four steps. 

[0034] 



3*3 : mmvtmmm 



(mm) 


(N) 


R, (.tim) 




0. 2£TF 


1 0 0&T 


1. 0&T 


1 


0. 2~0. 5 


100-300 


1. 0~1. 5 


2 


0. 5~0. 8 


300-500 


1. 5~2. 0 


3 


0. 86Lt 


5 0 0SU 


2. OfiU 


4 



[0035]The evaluation items about each test item were added together, and relative evaluation was made on that 
in which sum total evaluation items exceed 0 and the thing of 5-7 points for the thing of four or less points, and 
exceed ** and ten points for O and the thing of 8-10 points as x. 

[0036]When alloy contents, such as Si, Cu, Mn, and Cr, are in the range specified by this invention so that clearly 
from Table 2, cutting ability with good all is obtained. Generally it sees, and the cutting ability of what has a higher 
Si content is worse, and its cutting ability is improving according to the fall of a Si content For example, the 
extremely outstanding cutting ability is shown by the example of an alloy of the test number 13 from a Si content 
being as low as 1 2.0 % of the weight. 

[0037]However, it is as having mentioned above that crystallization of primary phase Si is hardly detected, but the 
example of an alloy of the test number 1 3 is inferior to abrasion resistance. It turns out that the thing which has a 
few crystallized amount of hard Cu, Mn, Cr system compound, etc. is excellent in cutting ability. 
[0038]Solubility incorporated the gas absorption at the time of an ingot, damage to lining refractories, etc. 
focusing on the liquidus temperature of an aluminum alloy, made relative evaluation on it, it displayed 0 and a 
good thing for the outstanding thing, and displayed ** and a bad thing for 0 and a little bad thing as x. If it 
generally sees and a Si content increases 1% of the weight, the liquidus temperature of an aluminum alloy will rise 
by about 1 0 **. P is also an element which raises liquidus temperature, if P content comes to exceed 0.05 % of 
the weight, the viscosity of a molten metal will rise and run nature will fall. 

[0039]Fluidity was judged by the valuation basis shown in Table 4 about the particle diameter of casting 
temperature and primary phase Si and distribution, run nature, etc. The particle diameter of primary phase Si and 
distribution were investigated by observing the central part section of the sample cast using the JIS No. 4 brake- 
shoe type without spreading held in temperature of 200 **. 

[0040]Run nature was investigated by casting which uses the wedge metallic mold without spreading held at 300 
**. This wedge metallic mold has an inclined form cavity in rectangular shape and a side section in the plane 
cross section shown in drawing 1 and drawing 2 . And it expressed with the area rate which **(ed) area of the 
molten metal which spread in the cavity in the rectangle area of drawing 1. The thing with this good run nature 
turns into what has the clear edge and stamp of a product. 
[0041] 
[Table 4] 
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[0042]The evaluation items about each test item were added together, that in which sum total evaluation items 
exceed 0 and the thing of 5-7 points for the thing of four or less points, and exceed ** and ten points for 0 and 
the thing of 8-10 points was made into x, and relative evaluation was made on fluidity. 

[0043]In the example of an alloy which has content, such as Si, Fe, and P, in the range specified by this invention, 
it turns out that good fluidity is obtained as shown in Table 2. On the other hand, in the example of an alloy of the 
test number 14 with as many Si contents as [ 19.0 % of the weight ], the temperature which can be cast was as 
high as 780 **, and fluidity was getting worse. And many casting defects were detected. 

[0044]The aluminum alloy according to this invention is presenting abrasion resistance, cutting ability, solubility, 
and the characteristic outstanding also in any of fluidity so that clearly from the above explanation. Therefore, the 
obtained aluminum alloy casting is used as construction material which shows the outstanding characteristic as a 
cylinder block, a piston, a compressor part article, gearbox parts, etc. Since cutting ability is good, processing to 
which required shape is made will also become easy. 
[0045] 

[Effect of the Invention]Solubility, fluidity, cutting ability, etc. are improved without reducing a Si content, securing 
fluidity in this invention, as explained above, and spoiling abrasion resistance by regulating synthetically alloy 
contents, such as Cu, Mg, Mn, Cr, Ti, and P. Therefore, damage done to the lining refractories of a fusion furnace, 
etc. can be lessened, and the life of a metallic mold also becomes long. And when carrying out machinery cutting 
of the obtained aluminum alloy casting at objective shape, the life of a cutting tool also becomes long. Thus, a 
material suitable as a cylinder block, a piston, a compressor part article, gearbox parts, etc. is provided. 



[Translation done.] 
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2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1]T he top view showing the cavity of the brake-shoe metallic mold used when judging run nature in this 

invention working example 

[Drawing 2]T he side view of the cavity 
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